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ABSTRACT 1 

Objective: To analyse the rates of lower limb muscle injuries in athletics disciplines requiring 2 

different running velocities during international athletics championships. 3 

Design: Prospective total population study. 4 

Methods: During 13 international athletics championships (2009 - 2019) national medical 5 

teams and local organizing committee physicians daily reported all newly incurred injuries 6 

using the same study design, injury definition and data collection procedures. In-competition 7 

lower limb muscle injuries of athletes participating in disciplines involving running (i.e. sprints, 8 

hurdles, jumps, combined events, middle distances, long distances, and marathon) were 9 

analysed.  10 

Results: Among the 12,233 registered athletes, 344 in-competition lower limb muscle injuries 11 

were reported (36% of all in-competition injuries). The proportion, incidence rates and injury 12 

burden of lower limb muscles injuries differed between disciplines for female and male athletes. 13 

The most frequently injured muscle group was hamstring in sprints, hurdles, jumps, combined 14 

events and male middle distances runners (43% to 75%), and posterior lower leg in female 15 

middle distances, male long distances, and female marathon runners (44% to 60%). Hamstring 16 

muscles injuries led to the highest burden in all disciplines, except for female middle distance 17 

and marathon and male long distance runners. Hamstring muscles injury burden was generally 18 

higher in disciplines requiring higher running velocities, and posterior lower leg muscle injuries 19 

higher in disciplines requiring lower running velocities. 20 

Conclusions: The present study shows discipline-specific injury location in competition 21 

context. Our findings suggest that the running velocity could be one of the factors that play a 22 

role in the occurrence / location of muscle injuries. 23 

 24 
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Keywords: Sports injury prevention; injury surveillance; epidemiology; track and field; top-1 

level athletes; muscle injury risk.  2 
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1. INTRODUCTION 1 

The muscles of the lower limb are the most frequently injured structure in athletics disciplines 2 

involving running.1 During international athletics championships, lower limb muscle injuries 3 

(LLMI) represented ~90% of all muscle injuries and ~40% of all injuries.2 During such major 4 

events, lower injury rates were associated with performance success in a national team (i.e. 5 

more medals and gold medals).3 Thus, reduction of LLMI represents one of the possibilities to 6 

improve success in major athletics championships. 7 

 8 

The muscles of the lower limb play a major role in running performance by generating the 9 

forces needed to increase or maintain running velocity.4,5 The contribution of muscle groups 10 

differs between slow and fast running velocities: plantarflexor muscles (i.e. soleus, 11 

gastrocnemius, tibialis posterior, peroneus and toes flexors) contribute more at slower 12 

velocities (i.e. up to 7 m.s-1) while hip muscles (i.e. iliopsoas, gluteus maximus and hamstrings) 13 

contribute more at faster velocities (i.e. greater than 7 m.s-1).4 To achieve faster velocities, the 14 

hamstring muscles are particularly involved in the forward horizontal force production during 15 

the sprint acceleration,6 and performed the largest amount of positive and negative work.7 The 16 

amount of negative work sustained by muscle fascicle may condition the functional 17 

consequences of muscle ultrastructure damage induced by muscle contraction.8 In this context, 18 

we hypothesised that injured muscle groups generally vary between disciplines with different 19 

running velocities (Supplementary Table 2), and that predominantly muscles involved to 20 

generate running velocity will be injured. Muscles acting as plantar flexor may therefore be 21 

more frequently injured in athletics disciplines requiring slower running velocity, and muscles 22 

acting on the hip joint as flexor or extensor more frequently in disciplines requiring faster 23 

running velocity. We particularly made this hypothesis for the two most frequent injured 24 

muscles in international athletics championships:2 hamstring and posterior lower leg muscles 25 



 8 

as hip extensors and plantar flexors, respectively. Such detailed information is of importance to 1 

better understand injury mechanisms, and thus, develop discipline-specific injury risk reduction 2 

strategies, and eventually to improve performance. 3 

 4 

Therefore, we aimed to analyse the rates and characteristics of LLMI, and especially hamstring 5 

and posterior lower leg muscles injuries, between athletics disciplines requiring different 6 

running velocities (Supplementary Table 2) in order to determine whether the muscle groups 7 

mainly involved in generating the running velocity are more often injured during international 8 

athletics championships. 9 

 10 

 11 

2. METHODS 12 

We conducted a prospective total population study. In-competition LLMI of elite athletes 13 

participating in sprints, hurdles, jumps, combined events, middle distances, long distances, and 14 

marathon (Supplementary Table 2) during 13 international athletics championships were 15 

analysed: World Outdoor Championships 2009, 2011, 2013; European Outdoor Championships 16 

2012, 2014, 2016, 2018; World Indoor Championships 2014; and European Indoor 17 

Championships 2011, 2013, 2015, 2017, and 2019. The 13 championships comprised 69 18 

competition days (19 days for the 6 indoor and 50 for the 7 outdoor championships). There was 19 

no patient and public involvement.  20 

 21 

All data were collected using the same study design, injury definition and data collection 22 

procedures, previously described in detail.2,9–13 The injury database from a previous study was 23 

extended.2 Only injuries were included that i) occurred in sprints, hurdles, jumps, combined 24 

events, middle distances, long distances, and marathon, ii) occurred during competitions 25 



 9 

(injuries during warm-up were considered as in-competition injuries; training injuries were 1 

excluded), iii) affected the “lower limb” (i.e. hip, groin, thigh (subcategories: quadriceps, 2 

hamstring, others), knee, lower leg (subcategories: posterior lower leg, others), Achilles tendon, 3 

ankle, foot), and iv) were classified as “strain / muscle rupture / tear” or “muscle cramps or 4 

spasm”. LLMI were grouped for analyses into hip & groin, quadriceps, hamstring, other thigh, 5 

posterior lower leg, other lower leg (i.e. injury location at the “lower leg other” or “Achilles 6 

tendon”), and others (i.e. injury location at the “knee”, “ankle” or “foot”). All injury reports in 7 

the database were anonymous.  8 

 9 

Since running velocities were not measured at the exact time of the injury, data from the world 10 

records and the 8 (or 6 for some indoor events) top-ranked athletes during the 13 included 11 

championships (except for jumps) were used to determine the range and order of discipline-12 

related required running velocities from sprints to marathon (Supplementary Table 2). 13 

 14 

A descriptive analysis of LLMI rates and characteristics was performed by calculating i) 15 

numbers and percentages of injuries and of estimated time-loss injuries, ii) incidence rates14 16 

(i.e. number of injuries per 1000 registered athletes and per 1000 starts (with 95% confidence 17 

intervals)),11,12,15,16 and iii) burden of injuries (i.e. total estimated number of days of absence 18 

from sport per 1000 registered athletes),17 for the total population, and separately for each sex10 19 

and discipline.11 For injury severity, the mean number of days estimated to result in absence 20 

from sport (± standard deviation (SD)) was calculated. To test our hypothesis on hamstring and 21 

posterior lower leg muscles injuries and athletics disciplines, comparisons of the incidence rates 22 

and the burden of injuries i) between hamstring vs. posterior lower leg muscles injuries for each 23 

discipline, and ii) between disciplines with sprints as reference (discipline with the highest 24 

required running velocity (Supplementary Table 2)) for hamstring and posterior lower leg 25 



 10 

muscles injuries, were performed using relative risk (with 97.5% confidence intervals (97.5% 1 

CI), due to the two comparisons). Significance was accepted at p<0.05, with corrections for 2 

multiple tests. 3 

 4 

 5 

3. RESULTS 6 

A total of 5705 female and 6528 male athlete entries, and 11588 starts for female and 13537 7 

starts for male athletes in sprints, hurdles, jumps, combined events, middle distances, long 8 

distances, and marathon were registered during the 13 championships. On average, 86.8% of 9 

all national medical teams, covering 82.7% of registered athletes, participated in the injury 10 

surveillance project, and returned 94.2% of the report forms. The completeness of injury data 11 

used in the present study reached 98.9%. No athlete refused to allow his/her data to be used for 12 

scientific research.  13 

 14 

In total, 947 in-competition injuries were recorded in sprints, hurdles, jumps, combined events, 15 

middle distances, long distances, and marathon, of which 344 were classified as LLMI (36.3%; 16 

Supplementary Table 3). The number and percentage of LLMI differed between disciplines for 17 

both female and male athletes (Figure 1, Supplementary Table 3 and Figure 3). The most 18 

frequently injured muscle group was hamstring in sprints, hurdles, jumps, combined events and 19 

male middle distances runners, and posterior lower leg in female middle distances, male long 20 

distances, and female marathon runners (Figure 1, Supplementary Table 3 and Figures 3). 21 

Figure 1 shows an increase in the proportion of hamstring muscles injuries and a decrease in 22 

the proportion of posterior lower leg muscles injuries with increasing running velocity elicited 23 

by the disciplines. 24 

 25 
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In-competition injury incidence rates differed between disciplines and were significantly higher 1 

for hamstring than for posterior lower leg muscles in female sprinters, and male sprinters and 2 

hurdlers (Figures 1 and 2, Table 1 and Supplementary Table 4). Hamstring muscles injury 3 

incidence rates were significantly higher in sprints than in jumps, middle distances and long 4 

distances for male athletes (Figures 1 and 2, Table 1 and Supplementary Table 4). Posterior 5 

lower leg muscles injury incidence rates were significantly lower in sprints than in combined 6 

events, middle and long distances and marathon for female athletes (Figures 1 and 2, Table 1 7 

and Supplementary Table 4). 8 

 9 

Information in relation to estimated time loss in sport after injury was available for 92.2% of 10 

the reported LLMI (n=317). Time-loss injuries represented 68.0% and 68.2% of all in-11 

competition LLMI in female and male athletes, respectively (Supplementary Table 5). 12 

Hamstring muscles injuries led to the highest burden in all disciplines, except for female middle 13 

distance and marathon, and male long distance runners (Figure 2 and Supplementary Table 5). 14 

Injury burden resulting from hamstring muscles injuries was significantly higher than from 15 

posterior lower leg muscles injuries in sprints, combined events and long distances for female 16 

athletes, and in sprints, hurdles, jumps, combined events for male athletes (Table 1, Figure 2 17 

and Supplementary Table 5). Injury burden resulting from hamstring muscles injuries was 18 

significantly higher in sprints than in hurdles, jumps, combined events, and middle distances 19 

for female athletes, and in sprints than in jumps, middle distance and marathon for male 20 

athletes, and significantly lower in sprints than in long distances for female athletes, and in 21 

sprints than in hurdles for male athletes (Table 1, Figure 2 and Supplementary Table 5). Injury 22 

burden resulting from posterior lower leg muscles injuries was significantly lower in sprints 23 

than in combined events, middle distances and marathon for female athletes, and in sprints than 24 
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in long distances and marathon for male athletes, and significantly higher in sprints than in 1 

jumps and middle distances for male athletes (Table 1, Figure 2 and Supplementary Table 5). 2 

 3 

 4 

4. DISCUSSION 5 

The main findings of the present study confirmed our hypothesis that the location of LLMI 6 

varied between athletics disciplines requiring different running velocities. Higher frequency, 7 

incidence and burden of hamstring muscles injuries were reported in disciplines requiring 8 

higher running velocities. Posterior lower leg muscles injuries were in general the most frequent 9 

type, with higher incidence and burden, only in disciplines requiring slower running velocities. 10 

 11 

Muscle contribution to horizontal force production has been shown to vary with running 12 

velocity.4,5 Running velocity can basically be described as the product of stride length and 13 

frequency.18 For increasing running velocities up to about 7 m.s-1 the predominant component 14 

is increasing stride length, which is achieved through higher contribution of the plantarflexor 15 

muscles.4 This may expose plantarflexor muscles to increased load in middle and long distances 16 

and marathon, and could be one of the factors that can explain the higher reported injury 17 

proportion, incidence rates and injury burden of posterior lower leg muscles injuries in these 18 

disciplines. Hip flexor and extensor muscles injuries did exist in such disciplines since these 19 

muscles contribution was not zero,4 and some velocity peak may occur at higher running 20 

velocities or during sudden changes of velocity for example during passing manoeuvres or final 21 

sprints. 22 

For further acceleration above 7 m.s-1 a 25% increase of stride frequency occurs, predominantly 23 

performed by the hip flexor and extensor muscles.4 In accordance, a shift was described from 24 

plantarflexor to hip muscles contribution with running velocity increase.4 Of all the major lower 25 
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limb muscle groups, this strategy is typically resulting from gluteus maximus, iliopsoas and 1 

hamstrings actions which exhibit an increase in the amplitude of muscle-tendon unit length 2 

changes and mechanical work during terminal swing phase when running velocity progresses 3 

toward maximal sprinting.4,7,19 Specifically, hamstring muscle fibres withstand larger strains 4 

towards maximal sprint running velocity.20 Such exposition of human muscle fibres to 5 

substantial strain and negative work has been proposed to strongly influence the magnitude of 6 

muscle damage.8,21 Hence, the accumulation of damage due to repeated strides may in turn 7 

leave exercised muscles more prone to injury.21 This has been interpreted as hamstring muscles 8 

increased injury susceptibility with increased running velocity,20 which is consistent with our 9 

epidemiological results. For velocities above 7.0 m.s-1, the absolute contribution of 10 

plantarflexor muscles to face the vertical support are similar than for lower velocities,4 which 11 

could explain the fact that there are still posterior lower leg muscle injuries in disciplines 12 

eliciting fast velocities.  13 

The magnitude of muscle fibers stretch-shortening velocity may also play a role. When 14 

sprinting close to maximal velocity, athletes reach a mean knee extension and hip flexion 15 

angular velocity about ~1200°.s-1 and ~600°.s-1, respectively, over one running gait cycle.22 16 

Although the viscoelastic properties of the muscle-tendon unit can contribute to mitigate muscle 17 

strain as movement velocity increases,23 the decrease in muscle force generating capacities with 18 

velocity may contribute to increase the risk of injury.24 Such decrease in force-generating 19 

capacity may be exacerbated in the presence of damage of muscle ultrastructure due to high 20 

amount of negative work performed by muscle fibers.8,21 These biomechanical hypotheses are 21 

in line with our findings showing higher proportion, incidence rate and burden of hamstring 22 

muscle injuries in athletics disciplines requiring higher running velocity. Changes in running 23 

technique may also play an important role for running performance and to mitigate the 24 

exposition of lower limb muscle to injury.4–6 Such strategy is compromised during near 25 
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maximal and maximal sprints due to limited solutions (i.e. muscle coordination) to achieve such 1 

running velocities.4 Alternatively, fatigue may play a role as the muscles mainly involved to 2 

generate running velocity will exhibit muscle fatigue early, leading to an acute decrease in 3 

force-generating capacity, which could consequently lead to a higher risk of injury.24 Given 4 

that a i) unbalanced contributions of hamstring muscles to joint torque may accelerate the 5 

occurrence of fatigue25 and ii) a deficit in muscle endurance may be associated with an 6 

increased risk of sustaining a recurring hamstring injury,26 earlier occurrence of fatigue could 7 

contribute to explain the incidence of hip muscle injuries at high running velocity.27  8 

 9 

The present study extends previous findings regarding the importance of muscle injuries in 10 

international athletics championships.2,9–11 Muscle injuries accounted for about a third of all 11 

injuries during international athletics championships, with proportions varying between 12 

disciplines. This makes reduction of muscle injuries the first challenge for athlete’s health 13 

protection, and also for performance improvement, given the close relationships between 14 

health, injury and performance in athletics.3,16,28 15 

Hamstrings were the most frequently injured muscles in the majority of the disciplines 16 

involving running (>50% of muscle injuries in disciplines involving high running velocities: 17 

sprints, hurdles, jumps and combined events). This extends previous findings2 placing the 18 

hamstring muscle injury as the predominant injury diagnosis in international athletics 19 

championships. This confirms the need to further improve our understanding of such injuries 20 

specifically in the context of athletes, and in turn develop injury risk reduction measures 21 

targeting muscle injuries in athletics. 22 

 23 

Strengths and limitations of the injury data collection have been discussed previously.2,9–11,13  24 
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The major strength is the large database allowing in-depth analysis including detailed visual 1 

representations of data. For example, Figure 2 combines the presentation of data from different 2 

nature: sex (binary data), injury location (categorial), discipline (categorical), injury rate (real 3 

number) and injury burden (real number). Categorical data are shown on the x- and y-axis. 4 

Binary data is presented with a specific half-disc shape allowing the direct visual comparison 5 

of male and female athletes. The size and colour of the half-disc show continuous values, so 6 

they are used to visualise injury rate and burden. The main objective is to propose a 7 

representation allowing to observe directly and at best all these data combined, naked eye, in 8 

an easy-to-read way. 9 

A specific limitation of the present study is that exact running velocities were not measured at 10 

the time of injury. The order of required running velocities for the different athletics disciplines 11 

was determined based on the average performance of the top athletes in these disciplines during 12 

the 13 championships and the world records, except for jumps where we used an extrapolation. 13 

No information on the exposure to running and running velocities could be recorded. The 14 

present study provided a descriptive analysis of the number, proportion, incidence and burden 15 

of LLMI according to the athletics disciplines and their estimated required running velocities. 16 

The potential association between running velocity and the occurrence of injuries, as well as a 17 

causal relationship could not be analysed. Our analyses were not adjusted to other confounding 18 

factors that can influence muscle injury occurrence (e.g. age, history of previous injuries)29,30, 19 

and that can play a role on running performance and mechanics (e.g. training regimens, running 20 

technique, individual properties of muscle-tendon, genetics). More in-depth investigations are 21 

therefore required to understand the complex relationship between running discipline 22 

mechanics and LLMI occurrence. 23 

 24 
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Although our results describe differences in LLMI between athletics disciplines and associated 1 

running velocities, further studies should elucidate the mechanisms of LLMI. Is there any causal 2 

relationship between running velocity and injury occurrence within a discipline? Does the 3 

injury location differ within a discipline (e.g. sprints) between periods of low-velocity high-4 

force (e.g. start in sprint) and fast velocity low-force movements (e.g. last part of the sprint)? 5 

Do differences in running velocity between female and male athletes explain the lower rates of 6 

reported overall and hamstring muscle injuries in female compared to male athletes?2 Are there 7 

any relationships between the level of muscle activation, constraint and/or force during running 8 

and injury risk? 9 

Our findings suggest that specific muscles mainly involved in generating specific forces to 10 

achieve a given running velocity seem to be those predominantly injured in elite athletes. These 11 

muscles may be strong enough to sustain discipline-specific demands but not to reduce injury 12 

risk. Since stronger muscles can protect from injury by absorbing more energy and 13 

compensating from potential lower force-generating capacity from synergist muscles,24 it could 14 

be of interest to target strengthening of these muscles within the specific context of the required 15 

running velocity. This provides additional arguments for preventive interventions to be specific 16 

for each athletic discipline, according to biomechanical requirement and injury mechanisms. 17 

As the same muscles are primary drivers of running performance and injury prevention, LLMI 18 

risk reduction in athletics disciplines involving running should be seen as a win-win 19 

performance-prevention approach.3,16 Such arguments should be also used to heighten 20 

awareness of athletes and coaches to injury prevention approach.  21 

 22 

 23 

5. CONCLUSIONS 24 



 17 

“Tell me your athletics discipline, I will tell you what injury you are at risk”. Our present study 1 

shows differences in the location of LLMI between athletics disciplines requiring different 2 

running velocities in elite athletes during competition. Our findings suggest that the running 3 

velocity could be one of the factors that play a role in the occurrence / location of muscle 4 

injuries. The in-depth information linking injury risk and running biomechanics should be 5 

regarded when developing discipline-specific injury risk reduction strategies. 6 

 7 

 8 

Practical implications: 9 

• The location of lower limb muscle injuries varied between athletics disciplines requiring 10 

different running velocities.  11 

• Higher frequency, incidence and burden of hamstring muscle injuries were reported in 12 

disciplines requiring higher running velocities. 13 

• Posterior lower leg muscle injuries were the most frequent type, with higher incidence 14 

and burden only in disciplines requiring lower running velocities. 15 

• Predominantly injured muscles seem to correspond to the specific muscles mainly 16 

involved to generate running velocities achieved in corresponding athletics discipline. 17 

• Lower limb muscle injury risk reduction in athletics disciplines involving running 18 

should be considered as discipline- and velocity-specific, that may contribute to the 19 

optimization of both performance and prevention (i.e. win-win performance-prevention 20 

approach). 21 

 22 

 23 
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Figure legends 1 

 2 

Figure 1 Percentage of in-competition lower limb muscle injuries (with lower and upper 3 

limits of 95% of confidence interval; in ordinate axis) and number of in-competition lower limb 4 

muscles injuries per 1000 registered athletes (i.e. incidence rate; size of the dots), according to 5 

athletics disciplines (in abscissa axis) and sex (female and male athletes), during 13 6 

international athletics championships 2009-2019. 7 

 8 

  9 
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Figure 2 Number of in-competition lower limb muscle injuries injuries per 1000 1 

competing athletes (A) and per 1000 starts (B) represented by the size of the half-disc, 2 

according to sex (female athletes are represented by the up-half-disc and male athletes by the 3 

down-half-disc), injury location in ordinate axis, athletics disciplines in abscissa axis, and 4 

severity (visualized by colour presenting the injury burden from no time-loss in green to 600 5 

estimated days of time loss per 1000 registered athletes in purple), during 13 international 6 

athletics championships 2009-2019. 7 

 8 

 9 
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Table 1: Comparisons of injury incidence rates (i.e. number of injuries per 1000 registered athletes) and of injury burden (i.e. estimated number 
of days of absence from sport per 1000 registered athletes) during 13 international athletic championships 2009-2019: i) between in-competition 
hamstring and posterior lower leg muscles injuries for each discipline, and ii) for hamstring and posterior lower leg muscles injuries between 
disciplines with sprints as reference  using relative risk (with 97.5% confidence intervals due to the two comparisons). Significant differences are 
highlighted in bold.  
 

 Sprints Hurdles Jumps Combined events Middle 
distances Long distances Marathon 

Relative risk of injury incidence  
(± 97.5%CI)               

Hamstring vs. posterior lower leg 
muscle injuries (hip as reference)               

  Female athletes 12.00 (2.31 to 
62.30) 3.00 (0.23 to 39.73) 3.00 (0.68 to 

13.32) 2.00 (0.51 to 7.78) 0.80 (0.18 to 
3.58) 

1.00 (0.21 to 
4.85) NA 

  Male athletes 3.18 (1.71 to 5.90) 5.33 (1.31 to 21.72) 
2.43 (0.89 to 
6.62) 3.67 (0.86 to 15.59) 1.50 (0.19 to 

11.56) 
0.20 (0.02 to 
2.32) 

1.00 (0.30 to 
3.28) 

Hamstring muscle injuries between 
disciplines (sprints as reference)               

  Female athletes 1.00 (0.53 to 1.90) 
2.72 (0.69 to 10.67) 1.78 (0.74 to 

4.25) 0.42 (0.17 to 1.03) 
2.14 (0.64 to 
7.14) 1.77 (0.53 to 

5.92) NA 

  Male athletes 1.00 (0.65 to 1.53) 01.07 (0.57 to 2.00) 1.98 (1.07 to 
3.68) 0.67 (0.32 to 1.39) 7.35 (1.95 to 

27.65) 
17.77 (21.86 to 
170.1) 

1.67 (0.68 to 
4.07) 

Posterior lower leg muscle injuries 
between disciplines (sprints as 
reference) 

              

  Female athletes 1.00 (0.11 to 9.38) 0.68 (0.04 to 10.53) 0.44 (0.06 to 
3.43) 0.07 (0.01 to 0.48) 0.14 (0.02 to 

0.93) 
0.15 (0.02 to 
1.03) 

0.07 (0.01 to 
0.43) 

  Male athletes 1.00 (0.47 to 2.15) 1.79 (0.44 to 7.26) 1.52 (0.56 to 
4.13) 0.78 (0.19 to 3.13) 3.47 (0.65 to 

18.46) 
1.12 (0.36 to 
3.48) 

0.52 (0.19 to 
1.42) 
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Relative risk of injury burden  
(± 97.5%CI)                

Hamstring vs. posterior lower leg 
muscles injuries (hip as reference)               

  Female athletes 9.76 (6.67 to 
14.26) 1.48 (0.79 to 2.75) 

NA 
2.21 (1.11 to 4.43) 0.85 (0.48 to 

1.49) 
38.75 (12.56 to 
119.5)  NA 

  Male athletes 8.57 (6.49 to 
11.33) 

12.50 (7.90 to 
19.79) 

6.65 (4.06 to 
10.90) 

14.00 (5.94 to 
32.98) 

0.45 (0.14 to 
1.51) 

NA 1.02 (0.64 to 
1.63) 

Hamstring muscles injuries between 
disciplines (sprints as reference)               

  Female athletes 1.00 (0.86 to 1.16) 3.95 (2.63 to 5.94)) 1.74 (1.41 to 
2.15) 1.63 (1.10 to 2.41) 4.59 (3.00 to 

7.05) 
0.69 (0.57 to 
0.83)  NA 

  Male athletes 1.00 (0.89 to 1.12) 0.61 (0.54 to 0.70) 2.38 (1.97 to 
2.87) 0.81 (0.67 to 1.00) 47.58 (17.47 to 

129.6) 
NA 2.93 (2.09 to 

4.09) 
Posterior lower leg muscles injuries 
between disciplines (sprints as 
reference) 

              

  Female athletes 1.00 (0.60 to 1.67) 0.60 (0.33 to 1.09) NA 0.37 (0.19 to 0.73) 0.40 (0.24 to 
0.68) 

2.74 (0.85 to 
8.85) 0.17 (0.10 to 

0.27) 

  Male athletes 1.00 (0.69 to 1.46) 0.90 (0.53 to 1.51) 1.85 (1.08 to 
3.15) 

1.33 (0.55 to 3.20) 2.52 (1.22 to 
5.20) 

0.51 (0.33 to 
0.78) 

0.35 (0.23 to 
0.53) 

NA: not applicable. 
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